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Oligandrin is an elicitin-like protein with a molecular mass of 10 kDa secreted by Pythium oligandrum. 
Here, the effect of oligandrin on defense response against Botrytis cinerea in tomato leaves is reported. 
Tomato seedlings were pretreated with 5 ml oligandrin (10 g/ml) by root submerging and then 
inoculated with B. cinerea. Disease severity was subsequently evaluated and compared with the 
control. Results indicate that oligandrin pretreatment reduced disease index by 78.6% on day 7 after 
inoculation. On day 3 after inoculation, oligandrin pretreatment caused up-regulation of peroxidases 
(POD), polyphenol oxidase (PPO) and phenylalanine ammonia lyase (PAL) in leaves by 20.0, 5.56 and 
32.88%, compared with inoculation without oligandrin pretreatment, respectively. On day 5 after 
inoculation, POD, PPO and PAL were up-regulated by 46.24, 32.61 and 57.14%, respectively. 24 h after 
the treatment with oligandrin, the expression of pathogenesis-related protein (PRs) genes, PR-2a 
(extracellular -1,3-glucanase) and PR-3a (extracellular chitinase), were up-regulated by 7.75 fold and 
4.56 fold in tomato leaves, compared with the control, respectively. The expression of LeERF2, a 
member of ethylene-dependent signaling pathway, was also significantly elevated by 7.41 fold. At the 
same time, the expression of ethylene receptor homologue PR-6 protein was also induced. These 
results indicate that oligandrin can induce resistance to B. cinerea in tomatoes, and the induction of 
resistance involves the activation of the ethylene-dependent signaling pathway. Oligandrin is 
potentially useful for gray mould prevention in tomato crop. 
 





Oligandrin is an elicitin-like protein with a molecular mass 
of 10 kDa secreted by Pythium oligandrum (Picard et 
al., 2000a). It triggers cytological and biochemical 
modification in tomatoes thereby induces resistance to 
Phytophthora parasitica and Fusarium oxysporum f. sp. 
radicis-lycopersici (Picard et al., 2000a; Benhamou et al., 
2001). An application of oligandrin on sectioned petioles of 
tobacco plants induced phloem protein accumulation in 
the mature sieve tubes in the leaves, and depressed 
phytoplasma infection (Lherminier et al., 2003). Similarly, 
application of oligandrin to grapevine roots could protect 
leaves against Botrytis cinerea (Mohamed et al., 2007). 
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efficiently to F. oxysporum f. sp. radicis-lycopersici 
invasion, mainly through the massive accumulation of 
fungitoxic compounds at sites of attempted pathogen 
penetration (Picard et al., 2000a). However, the 
mechanism by which oligandrin induces resistance to B. 
cinerea still remains to be elucidated.  
Tomatoes (Solanum lycopersicum) are cultivated 
around the world, and gray mould disease caused by B. 
cinerea is one of its most prominent, widespread, and 
destructive diseases. Control of gray mould in the crop 
mostly depends on fungicides. However, the use of 
chemicals has led to customer’s concerns about health 
and environmental risks, as well as the development of 
resistance to common fungicides (Chen et al, 2006; 
Yourman et al., 1999). A natural, safe, and effective 
alternative to the disease control without the use of 






Previous studies showed that peroxidase (POD), 
polyphenol oxidase (PPO) and phenylalanine ammonia 
lyase (PAL) are key enzymes conferring disease 
resistance in plants (Hammerschmidt et al., 1982; 
Campos-Vargas and Saltveit, 2002; Picard et al., 2000b). 
These enzymes are involved in local defense (Ryals et al., 
1996). The expression of pathogenesis-related (PR) 
genes was taken as a marker of the systemic acquired 
resistance (SAR) (Ward et al., 1991). The expression and 
activities of PR proteins such as chitinases and -1,3-
glucanase were related to the defense response (Bezier et 
al., 2002; Robert et al., 2002). Ethylene (ET), the plant 
growth regulators jasmonic acid (JA) and salicylic acid 
(SA) play an important role in plant defense responses to 
pathogens (Glazebrook, 2005).  
In this study, activities of POD, PPO and PAL in leaves 
of tomato plants treated with oligandrin were analyzed. 
We also analyzed the expression of the pathogenesis-
related proteins (PRs) genes, ethylene-dependent 
signaling pathway genes and JA-responsive gene for the 
basic PR-6 protein after treatment with oligandrin. The 
relative effectiveness of oligandrin in reducing B. cinerea 
infection in a greenhouse was evaluated to determine 
whether an oligandrin dipping is a feasible approach for 
controlling gray mould. 
 
 
MATERIALS AND METHODS 
 
Tomato (S. lycopersicum HeZuo903) plants were grown to the four 
leaf stage in plastic pots containing peat and perlite (1:1 mixture v/v) 
obtained from greenhouse of Zhejiang University. Oligandrin from P. 
oligandrum strain RCU1 was provided by Institute of Biotechnology, 





B. cinerea fq01 was isolated from decayed tomato fruit and 
maintained on potato dextrose agar (PDA). Conidial suspensions of 
the pathogen were prepared by flooding the 14-day-old culture 
dishes incubated at 25°C with sterile distilled water containing 0.05% 
Tween 80. The spore suspension was adjusted to 1.0×105 spores/ml 
by counting with a haemacytometer. Gray mould disease was 
evaluated on a scale of 0 to 5 with: 0 = no necrosis, leaf area is 
completely healthy; 1= less than 5% of the leaf area are with 
symptoms; 2= less than 15% of the leaf area is with symptoms; 3= 
less than 25% of the leaf area is with symptoms; 4= less than 50% of 
leaf area; 5= more than 50% of leaf area is covered with Botrytis 
symptoms. A disease index was calculated as the sum of the areas 
of the four leaves using the formula: 
  
Disease index = (5i=0 Ni × i) / (5 × 5i=0 Ni)  
 
Where, i is the severity (0 to 5, the highest level is 5), and Ni are the 
number of leaves with a severity of i. 
 
 
Effect of oligandrin on tomato gray mould  
 
Seedlings were assigned to nine treatment groups and one control 
group. During early expansion of the fourth leaf seedlings were 
treated with oligandrin  solution  at  5 g/ml  (for  groups 1  to  3), 10  




g/ml (for groups 4 to 6) and 20 g/ml (for groups 7 to 9) by root 
submerging. Leaves were then inoculated by spraying (5 ml/plant) 
with conidial solution (1.0×105 conidia/ml) at 4, 24 and 48 h after 
oligandrin treatment. The control group was first treated with 
autoclaved water and then inoculated with conidia. Seedlings were 
planted in pot and random block design was employed, with each 
group containing 10 plants, with three replications. After spraying, 
plants were bagged to maintain moisture for 12 h. Humidity was 
maintained at >97% and temperature was 20 to 25°C. Disease index 
was assessed on day 7.  
 
 
Enzyme activities analysis 
 
Seedlings were assigned to three treatment groups and one control 
group. The inoculation method was as aforementioned. Based on 
the results from the effect of oligandrin on tomato gray mould, 
seedlings were treated with 10 g/ml oligandrin, and sprayed with 
gray mould conidia 4 h after oligandrin treatment. Group 1 was 
treated with oligandrin and then sprayed with gray mould, group 2 
was treated with water in place of oligandrin, and then sprayed with 
gray mould conidia, group 3 was treated with oligandrin without 
inoculation, while the control group was treated with water without 
inoculation. Each group contained 20 plants, with three replications. 
On the first, second, third, fifth, seventh and ninth day after 
inoculation with B. cinerea, tomato leaves were collected, 
respectively, and stored at -80°C.  
All enzyme extraction procedures were conducted at 4°C. For 
PAL, 1 g of the tissue was ground and mixed with 2 ml extracting 
buffer [0.2 M boric acid buffer containing 10% (w/v) polyviny poly-
pyrolidone (PVPP), 1 mM EDTA, and 50 mM -mercaptoethanol, pH 
8.8]. For PPO and POD, 2 g of the tissue were ground with 10 ml of 
100 mM sodium phosphate buffer (pH 6.4) containing 0.2 g of PVPP, 
homogenized and centrifuged at 12,000 × g at 4°C for 30 min, and 
the supernatant was collected.  
For the PAL assay (Assis et al., 2001), 300 L of the extract was 
incubated with 1 ml 0.02 M L-phenylalanine and 2 ml of the PAL 
extracting buffer at 24°C for 2 min, and absorbance at 290 nm was 
measured in an ultraviolet spectrophotometer. The PAL activity was 
expressed as U290, where 1 U290 = 0.01OD290/mg protein/min. 
For the PPO assay (Galeazzi et al., 1981), extract (100 L) was 
incubated with 2 ml 0.05 M phosphate buffer (pH 7.0) and 0.5 ml of 
0.5 M catechol at 24°C for 2 min, and the absorbance at 398 nm was 
measured with an ultraviolet spectrophotometer. The PPO activity 
was expressed as U398, where U398 = 0.01OD398/mg protein/min. 
More also, POD activity was determined using guaiacol as substrate 
(Ippolito et al., 2000). The reaction mixture consisted of 0.1 ml of 
crude extract and 2 ml of guaiacol (8 mM, in 100 mM sodium 
phosphate buffer, pH 6.4), incubated for 30 min at 30°C. The 
increase in absorbance at 460 nm was measured after 1 ml H2O2 
(24 mM) was added. The activities of POD were expressed as U460, 
where U460 = 0.01OD460/mg protein/min. Protein content was 
determined using Nanodrop ND-1000 Spectrophotometer at OD280.  
 
 
Determination of malondialdehyde content 
 
Experimental design and sample collection time were the same as 
earlier mentioned. In brief, samples were collected on days 1, 2, 3, 
5, 7 and 9 after inoculation with gray mould. The oldest leaves from 
one of the plants in each replicate were collected. The leaves were 
sheared, weighed and stored in liquid nitrogen until processing. The 
malondialdehyde content was determined according to Zhang and 
Fan (2007). The component was precipitated from the supernatant 
of the extract with 0.5% thiobarbituric acid and the suspension was 
boiled for 10 min, then immediately cooled down on ice. After 
centrifugation   at  8,000 ×g   for   10 min,    the    absorbance    was 




measured at 532 and 600 nm. 
 
 
RNA isolation  
 
Experimental design was the same as described in enzyme activity 
analysis. Samples were collected at 2, 4, 8, 24 and 48 h after 
oligandrin treatment. Lower leaves were collected from three plants 
in each group. Total RNA was extracted using TRIzol Reagent 
(Invitrogen, USA) according to the manufacturer’s instructions. 
Isolated RNA was dissolved in 20 l of RNase free H2O, quantified 





2 g of total RNA extracted from tomato leaves were reverse 





Each reaction (20 l) contained Bio-Rad Super SYBR 10 l Green 
mix, 1.0 L cDNA (20 ng), 0.2 l each primer (10 M) and 8.6 l 
ddH2O. All PCRs were carried out in duplicate. The PCR mixes were 
dispensed into ABI optical reaction tubes (Applied Biosystems, 
Foster City, CA, USA). The reaction tubes were centrifuged at 3000 
rpm for 10 s to settle the reaction mixtures to the bottom of the wells. 
The PCR was carried out with an iCycler PCR system (BIO-RAD). 
Thermal cycles consisted of an initial hold for 3 min followed by 40 
cycles of amplification at 95°C for 30 s, 52°C for 30 s, and 72°C for 
40 s. All statistical analyses were performed with 2-Ct methods 
(Livak and Schmittgen, 2001). The primers were (5'-3'): -actin: R 5'-
ccaccttaatcttcatgctgct-3', F 5'-acattgtgctcagtggtggtact-3'. PR-2a: R 
5'- ccagaatgacaaacaaaaggaa -3', F 5'- aaacaagcagccaaaatacaac -
3'. PR-3a: R 5'- gctcgttcgtagttagattgg -3', F 5'- gttttggtactgctggtgatg -
3'. LeERF2: R 5'- gagaagctcgtaaaatcaggggtaag -3', F 5'- 
ctccaaagctccatcgagccaccgc -3' PR-6: R 5'-tccttgctcacctacttgttcttgg -
3', F 5'-ttccttatgctgtggaaatactttg -3'. Primers used for PR-6 are as 
published by Gadea (1996). Primers used for -actin, PR-2a and 
PR-3a are as published by Wang et al. (2009). Primers used for 





All statistical analyses were performed with SPSS 10.0. Each 
experiment had three replicates and all experiments were performed 
three times and yielded similar results. Measurements from all the 





Effect of oligandrin on tomato gray mould  
 
Results show that the optimal concentration of oligandrin 
was 10 g/ml and optimal treatment time was 4 h before 
inoculation with B. cinerea (Table 1). The oligandrin 
treatment had significant protective and curative effect 
against gray mould in tomato leaves. An application of 
oligandrin to tomato roots 4 h before the inoculation 
decreased disease index to 20.5% (Figure 1), compared 
with 95.6% in the control. These results indicate that the 





inoculation with B. cinerea was the appropriate inducing 
conditions. Tomato seedlings were treated with distilled 
water (DW), oligandrin alone, B. cinerea alone and 
oligandrin plus B. cinerea (O+B). 
 
 
Oligandrin treatment decreased the accumulation of 
malondialdehyde 
 
Malondialdehyde (MDA) is a biomarker of oxidative stress 
in cells. After mock treatment with water, the control group 
did not show any significant MDA content change, neither 
did the group treated with oligandrin alone (Table 2). 
However, the oligandrin group showed lower MDA content 
(0.3 to 0.9 nmol/mg lower) compared with the control 
group. On days 3 and 5, MDA contents in the oligandrin 
group were 11.3 and 12.5% lower than those in the control 
group. The group inoculated with B. cinerea without 
oligandrin pretreatment had increased leaf MDA; from 5.3 
to 12.2 nmol/mg. The group inoculated after oligandrin 
treatment also showed an increase in leaf MDA content, 
but to a lesser extent (0.6 to 3.0 nmol/mg lower) compared 
with that inoculated with B. cinerea alone. On the 3rd and 
5th day, the oligandrin treatment 24 h before inoculation 
reduced leaf MDA contents by 26.1 and 25.0%, 
respectively, compared with the group inoculated alone 
without root treatment. 
 
 
Oligandrin treatment increased activities of 
antioxidant enzymes in leaves 
 
After application of oligandrin, the activities of leaf POD, 
PPO and PAL increased gradually, and peaked on day 5. 
The peak values were 50.3, 45.6 and 69.2% higher than 
those in the control group, respectively (Figure 2). Also, 
after inoculation with B. cinerea following oligandrin 
application, activities of leaf POD, PPO and PAL also 
increased. The activity of POD reached its peak on day 3, 
and activities of PPO and PAL reached their peaks on day 
5. The peak values of POD, PPO and PAL in the group 
treated with oligandrin and inoculated with B. cinerea were 
20.0, 32.61 and 57.14% higher than those in the group 
treated with oligandrin alone (Figure 2). These results 
show that root treatment with oligandrin stimulated the 
antioxidant enzyme activities in leaves. 
 
 
Oligandrin promoted the expression of PR genes  
 
The root treatment with oligandrin (10 g/ml) enhanced 
the expression of PR-2a and PR-3a genes in leaves 
(Figure 3). Transcripts of the PR-2a gene reached its 
maximal level at 24 h in oligandrin treated tomato plants, 
about 7.75-fold higher than that in control plants at the 
same time point (Figure 3A). The control tomato plants 
showed low mRNA levels of PR-2a throughout the  experi- 








Relative protection effect (%) 
4 h before inoculation 24 h before inoculation 48 h before inoculation 
5 61.2c 40.5b 55.3b 
10 78.6a 50.2a 63.5a 
20 70.5b 56.3a 61.8a 
 
The data are the average of three replicates. The different letters in the same column indicate a significant difference 










Table 2. Effect of oligandrin treatment on tomato leaf MDA content. 
 
Treatment  
MDA content (nmol/mg protein) 
1* day 2 days 3 days 5 days 7 days 9 days 
CK 4.2 4.5 5.3 4.8 5.2 4.6 
Oligandrin (10 ug/ml) 3.9 4.1 4.7 4.2 4.3 3.8 
B. cinerea 5.3A 6.5A 8.8A 9.6A 10.5A 12.2A 
O+B 4.7A 5.4A 6.5B 7.2B 8.3B 9.2B 
 
CK, water control; Oligandrin, oligandrin treatment; B. cinerea, inoculation with B. cinerea, O+B, oligandrin treatment 
followed by B. cinerea inoculation after 24 h. *Day after inoculation. The numerical values in the table are the average of 




ment. More also, the pattern of PR-3a mRNA levels was 
similar to that of PR-2a in the oligandrin treated tomato 
plants. PR-3a mRNA levels in the oligandrin treated 
tomato  plants   were    4.56-fold    above    that    in    the  



















































































CK Olig an d rin B.c in erea Olig an d rin  + B.c in erea
 
 
Figure 2. Activity of resistance related enzymes in leaves of tomato treated with oligandrin. CK, distilled water; Oligandrin, 
oligandrin alone; B. cinerea, inoculation using conidia of B. cinerea alone; Oligandrin + B. cinerea, oligandrin application 1 day 
before inoculation with B. cinerea.  
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Figure 3. Expression of extracellular -1, 3 glucanase (A) and extracellular chitinase (B) in leaves of tomato treated by root 




control plant at its peak stage (Figure 3B). 
 
 
Oligandrin promoted the expression of LeERF2 and 
PR-6 genes  
 
Transcripts of ethylene receptor homologue PR-6 and 
ethylene-inducible transcription factor LeERF2 in the 
leaves were analyzed. The expression of both PR-6 and 
LeERF2 genes was transiently induced at 8 and 24 h in 
oligandrin-treated plants (Figure 4). The expression of 
PR-6 and LeERF2 genes were up-regulated 3.60 fold 
and 7.41 fold in tomato leaves, respectively. These 
results suggest that the transient increase in ethylene 
production in oligandrin-treated tomato plants is likely 
associated with the activation of the ethylene mediated 
signaling pathway and induction of basic PR gene 






In this study, we examined the ability of oligandrin 
isolated from a biocontrol agent P. oligandrum to induce 
tomato defense reactions and resistance against gray 
mould when applied to roots. Results indicate that 
oligandrin pretreatment can protect tomato from B. 
cinerea invasion. The protective effect was comparatively 
better if inoculation of B. cinerea occurred at 4 h after 
treatment with oligandrin, compared with inoculation at 24 
and 48 h after the treatment. In the experiment, mRNA 
levels of leaf PR-2a, PR-3a and LeRF2 genes reached 
their peaks 24 h after the treatment with oligandrin.  
These levels were 7.75-, 4.56- and 7.41-fold higher 
than their counterpart without oligandrin treatment. The 
main components of fungal cell wall are -1, 3-glucan 
and chitin. Oligandrin treatment significantly increased 
the expression of PR-2a and PR-3a (genes related to 
pathogenesis). This may be one of the mechanisms by 
which oligandrin elicits disease resistance. The other 
mechanism may involve the elevation of defense 
enzymes POD, PPO and PAL. At peak levels after 
oligandrin treatment, the activities of POD, PPO and PAL 
in tomato leaves were 50.3, 45.6 and 69.2% higher than 
those in the control group. In the group treated with 
oligandrin followed by B. cinerea inoculation, the peak 
levels of POD, PPO and PAL were 20.0, 32.61 and 
57.14%, higher than those in the control group (Figure 2). 
The protective effect of oligandrin treatment appeared 
better when inoculation occurred at 4 h, compared with at 
24 and 48 h. But the protective effect appeared better 
when inoculation occurred at 48 h, compared with 24 h. 
The higher protection against inoculation at 48 h may be 
due to elevated levels of the defense enzymes POD, 
PPO and PAL during this period.  
POD is generally considered important in host 
resistance mechanisms as it catalyzes the last step of 
lignin biosynthesis (Hammerschmidt et al., 1982), and 
can oxidize phenolic compounds to quinones (Campos-
Vargas and Saltveit, 2002). PPO acts as a defensive 
enzyme and plays a key role in the defense system in 
fruit (Picard et al., 2000b). PAL is a key enzyme of the 
phenylpropanoid pathway and takes part in the synthesis 
of phenolic compounds, phytoalexin and lignin (Pellegrini 
et al., 1994; Dixon and Paiva, 1995). These substances 
are associated with the process of local disease defense 
(Ryals et al., 1996).  















































PRs can be induced by different stress stimuli and play 
an important role in plant defense against pathogenic 
constraints, and in general adaptation to stressful 
environments (Edreva, 2005). The family of PR-2 catalyze 
endo-type hydrolytic cleavage of the 1,3--D- glucosidic 
linkages in -1, 3-glucans. PR-3 is an endochitinase that 
catalyzes the hydrolysis of -1,4-N-acetylglucosamine 
linkage, so it can cleaves fungal cell walls in situ and 
plays a major role in disease resistance. A treatment with 
oligandrin caused a rapid induction of the pathogenesis-
related proteins (PRs) genes PR-2a and PR-3a. 
Transgenic tobacco over-expressing PR-2 and PR-3 has 
been shown to have improved resistance to Cercospora 
nicotianae (Zhu et al., 1994). Combining chitinases with 
-1, 3-glucanases can significantly enhance biocontrol 
efficacy against many pathogenic fungi (Sela-Buurlage et 
al., 1993).  
The oligandrin treatment of tomato root induced the 
expression of ET-related transcription factor (ERF2) 
genes and the JA-responsive gene for the basic PR-6 
protein, up-regulated these genes by 7.41 fold and 3.6 
fold in tomato leaves, respectively. These results indicate 
that the JA/ET-signaling pathway is required for 
oligandrin-induced resistance against B. cinerea in the 
tomato. Furthermore, the levels of the pathogenesis-
related proteins (PRs), -1,3-glucanase and chitinase, 
were up-regulated in the leaves of treated tomato plants 
by 7.75 and 4.56 fold, respectively. Oligandrin-induced 
defense responses in tomato leaves against B. cinerea 
have the features of both ISR and SAR. Oligandrin 
perhaps simultaneously induced SA and JA/ET signal 
pathway. 
MDA is mainly formed by the ROS (reactive oxygen 
species)-induced degradation of polyunsaturated lipids 
(Pryor and Stanley, 1975; Del Rio et al., 2005). ROS are 
the primary mediators of oxidative damage in plants 
(Halliwell and Gutteridge, 1989). Excessive generation of 
ROS, such as superoxide anion and hydrogen peroxide, 
is presumed to be a significant factor in tissue injury. ROS 
accumulation in the cell may damage membrane structure 
and function, trigger the membrane lipid peroxidation and 
induce the membrane breakdown (Thompson, 1997). 
These ROS can rapidly attack all types of bio-molecules, 
causing membrane deterioration, lipid peroxidation, and 
DNA mutation, leading to irreparable metabolic and 
structural dysfunctions and cell death (Halliwell and 
Gutteridge, 1989). MDA is a final product of lipid 
peroxidation and its amount can be used as a measure of 
lipid peroxidation (Mei and Song, 2010). In addition, MDA 
is poisonous to plant cells (Mei and Song, 2010). The 
overall level of MDA is lower in oligandrin-treated tomato 
plants indicating that the membrane damage of non-
treated seedlings was higher than that of oligandrin-
treated seedlings. 
In conclusion, the mode of action of oligandrin in the 
control of diseases in tomato plant is to evoke antioxidant 
enzyme activities and up-regulate pathogenesis-related 
proteins (PRs) genes. Oligandrin perhaps induced both 
SA and JA/ET signal pathways. However, the mechanism 
by which plants recognize the signal molecule of 
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